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1.1. Background and Investigation Goals  
5RDGLQIUDVWUXFWXUHLQYHVWPHQWSODQQLQJUHTXLUHVDVHOHFWLRQDQGVXEVHTXHQWSULRULWLVDWLRQRIWKHLGHQWLILHGIHDVLEOH
SURMHFWRSSRUWXQLWLHVE\DVWDQGDUGL]HGLQGLFDWRURIWKHLUQHWHFRQRPLFZRUWKWRWKHVRFLHW\7KH6WDWH&RQVWUXFWLRQ
DQG7UDQVSRUW$XWKRULW\ RI WKH*HUPDQ )HGHUDO 6WDWH RI 7KXULQJLD 7/%9 SXUVXHV DQ DJHQGD RI LQIUDVWUXFWXUDO
PHDVXUHVWRPDLQWDLQDQGIXUWKHUHQKDQFHWKHVWDWHZLGHURDGQHWZRUN,QWKHFRXUVHRIWKHGHYHORSLQJWKHIRUWKFRPLQJ


&RUUHVSRQGLQJDXWKRU
E-mail address:KHLQLW]#IKHUIXUWGH
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of Transbaltica 2015
387 Erik Fritzlar et al. /  Procedia Engineering  134 ( 2016 )  386 – 393 
PDVWHU SODQ IRU WKH SHULRG  WKURXJK  DOO URDG FRQVWUXFWLRQ SURMHFWV QHHGHG WR EH UDQNHG FRQVLVWHQWO\
DFFRUGLQJWRWKHQHZO\UHOHDVHGEHQHILWFRVWDQDO\VLV%&$JXLGHOLQHRI*HUPDQ\¶V)HGHUDO0LQLVWU\RI7UDQVSRUW
DQG'LJLWDO,QIUDVWUXFWXUH%09',±DQHVVHQWLDOSDUWRIWKHUHYLVHG6\VWHPRI)HGHUDO7UDQVSRUW,QIUDVWUXFWXUH
3ODQQLQJ %9:3 ,Q FRQWUDVW WR WKH IRUPHU VWDQGDUG FRVW YDOXDWLRQ DSSURDFK WKH UHYLVHG %&$ RI  XVHV D
0DUVKDOOLDQZHOIDUHIXQFWLRQZLWKDQXQGHUO\LQJSUHIHUHQFHV\VWHPH[SUHVVHGE\WKHVRFLDOJURXSV¶ZLOOLQJQHVVWR
SD\IRUSULYDWHEHQHILWVDQGSXEOLFJRRGV7KLVFRQWULEXWLRQIRFXVHVRQPHWKRGRORJLFDOFKDOOHQJHVLPSOHPHQWLQJWKH
FXUUHQWQDWLRQDO%&$JXLGHOLQHLQWRWKHXQGHUO\LQJVISUM 13±EDVHGWUDQVSRUWVXSSO\GHPDQGPRGHODSSO\LQJWKH
ZRUNIORZWRDVKRUWOLVWHGVHWRIQHZFRQVWUXFWLRQSURMHFWSURSRVDOVDFURVVWKHURDGQHWZRUNRI*HUPDQ\¶V)HGHUDO
6WDWHRI7KXULQJLD
1.2. Previous work 
,VVXHV LQDSSO\LQJEHQHILWFRVWDQDO\VLV IRU WUDQVSRUW LQIUDVWUXFWXUHDUHDGGUHVVHG LQ7XUQEXOOHWDO 7KH
GHYHORSPHQWRIVWDQGDUGL]HGSURMHFWDVVHVVPHQWDFFRPSDQLHGE\DFRQYHUJHQFHRIWUDQVSRUWFRVWLQJPHWKRGVLQWKH
(8ZDVSURPRWHGLQSDUWLFXODUE\WKH+($7&23URMHFW0DFNLHDQG:RUVOH\SURYLGHWKHPRVWUHFHQW
LQWHUQDWLRQDOFRPSDULVRQRIEHQHILWFRVWDQDO\VHV LQ WKHFRQWH[WRI WUDQVSRUW LQIUDVWUXFWXUH LQYHVWPHQW LQFOXGLQJD
FRXQWU\UHSRUWRQWKH*HUPDQDSSUDLVDOSUDFWLFHE\*KQHPDQQ
1.3. Methodology  
7KHRUJDQL]DWLRQRIWKLVSDSHUIROORZVWKHFRXUVHRIWKHLQYHVWLJDWLRQ7KHWKHRUHWLFDODQDO\VLVRIWKH%&$LQVHFWLRQ
SURYLGHVDEULHIIRUPDOL]DWLRQRIWKLVQHWZRUNEDVHGPHWKRGIURPDWUDQVSRUWPRGHOOHUV¶YLHZSRLQWDQGKLJKOLJKWV
UHOHYDQWFKDQJHVWRWKH%&$JXLGHOLQH:LWKILQGLQJVIURPWKHVWDJHRISUDFWLFDODSSOLFDWLRQRXWOLQHGLQ6HFWLRQ
LWLVGRFXPHQWHGKRZLWZDVGHDOWZLWKWKHOHDSLQFRPSOH[LW\0RUHRYHUQHZHYLGHQFHUHJDUGLQJWKHVHQVLWLYLW\RI
UHVXOWVRQVSHFLILFDVSHFWVVXFKDVWKHIRUHFDVWHGLQGXFHGWUDIILFWKHURDGJHRPHWU\FKRVHQDQXUEDQPRGHOFDSDEOH
RIGHVFULELQJWKHDSSUR[LPDWHGH[SRVXUHWRWUDIILFQRLVHWKHFRQILQHPHQWRIWKHLQYHVWLJDWLRQDUHDGHULYHGE\DGH
PLQLPLVUXOHDQGWKHWUDIILFDVVLJQPHQWDOJRULWKPLVSUHVHQWHG)XUWKHUPRUHLQFRPSDULQJFXUUHQWWHVWH[SHULHQFHV
ZLWKWKRVHRIWKHIRUPHU%&$JXLGHOLQHDVRIZHLQYHVWLJDWHGWKHUHSURGXFLELOLW\RIWKHFUXFLDOWKUHVKROGRIRQH
WKHVWDELOLW\RIWKHUDQNLQJRUGHUDQGHIIHFWLYHVHOHFWLYLW\E\WKHPHWULFVRIWKHEHQHILWFRVWUDWLRV
)RUPDOGHVFULSWLRQ
7KHEHQHILWFRVWUDWLRBCRLVWKHTXRWLHQW
 CNPVBNPVBCR    
ZLWKEHQHILWVDQGFRVWVREWDLQHGIURP
    ¦ 
k
kNBbI BttPVFttfBNPV 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
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k
kNBbB CttPVFttfCNPV   
7KHPHDQLQJRIWKHV\PEROVLVDIROORZV
NVPBQHWSUHVHQWYDOXHRIEHQHILWV
NPVCQHWSUHVHQWYDOXHRIFRVWV
ftItbGLVFRXQWIDFWRUIRUWKHWLPHEHWZHHQLQDXJXUDWLRQtIDQGUHIHUHQFH\HDUtb
ftBtbaEHWZHHQVWDUWRIFRQVWUXFWLRQtBDQGWKHUHIHUHQFH\HDUtb
PVF SUHVYDOXHIDFWRUIRURSHUDWLQJOLIHRItNVWDUWLQJDIWHUtB\UV
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Bk k-WKEHQHILWFRPSRQHQW 
Ck k¶WKFRVWFRPSRQHQW
$FRPSDULVRQRIWKHEHQHILWFRPSRQHQWVLQYHUVLRQVLVSUHVHQWHGLQ7DEOH
7DEOH&RPSDULVRQRI%&$6FKHPHVRIYV
8WLOLW\&RPSRQHQW  
7UDQVSRUWFRVWUHGXFWLRQ±SURYLVLRQRIYHKLFOHV î î
7UDQVSRUWFRVWUHGXFWLRQ±ODERXUFRVWV î î
7UDQVSRUWFRVWUHGXFWLRQ±FRVWVRIRSHUDWLRQ î î
7UDQVSRUWFRVWUHGXFWLRQ±WUDIILFUHORFDWLRQ î 
7UDQVSRUWLQIUDVWUXFWXUH±FRVWVRIUHQHZDO î 
7UDQVSRUWLQIUDVWUXFWXUH±PDLQWHQDQFHFRVW î î
,QFUHDVHLQWUDQVSRUWVDIHW\ î î
,PSURYHGUHJLRQDODFFHVVLELOLW\ î 
7UDYHOWLPHUHGXFWLRQ±FDSLWDOORFNXSORJLVWLFVF  î
)UHLJKWWUDQVSRUWWLPHVDYLQJV  î
,PSOLFLWXWLOLW\GLIIHUHQFHV  î
5HJLRQDOHFRQRPLFDVSHFWV±HPSOR\PHQWHIIHFWV î 
5HJLRQDOHFRQRPLFDVSHFWV±IRVWHULQJLQWOUHODWLRQV î 
(QYLURQPHQWDOJRDOV±/LIHF\FOHHPLVVLRQV  î
(QYLURQPHQWDOJRDOV±1RLVHDEDWHPHQW î î
(QYLURQPHQWDOJRDOV±3ROOXWDQWUHGXFWLRQ î î
(QYLURQPHQWDOJRDOV±*UHHQKRXVHJDVHV î î
(QYLURQPHQWDOJRDOV±+DELWDWIUDJPHQWDWLRQ î î
,QGXFHGWUDIILF î 
$FFHVVWRDLUDQGVHDSRUWV î 
%HQHILWFRPSHWLQJWUDQVSRUWPRGHV  î
7UDQVSRUWV\VWHPUHOLDELOLW\  î

)LYHLQGLFDWRUVREWDLQHGIURPWUDQVSRUWPRGHOUXQVSURYLGHWKHFDOFXODWLRQEDVLVIRUWKHLPSDFWDQDO\VLVWKURXJKRXW
WKHQHWZRUN±DQHZIHDWXUHRIWKH%&$7KHEHQHILWFRPSRQHQWVDUHRUJDQL]HGLQWRHLWKHUYHFWRUV%kIRUHDFK
URDGVHFWLRQeDQGVXSHUSRVHGDVHOHPHQWVRIWKHVHWRIHGJHV(= ^e`RIWKHFRUUHVSRQGLQJJUDSKPRGHO
 ¦

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ekkB %   
UHVRUWLQJ WR WKH OLQNVSHFLILF LQGLFDWRUV ³+RXUO\ WUDIILF YROXPH´VB ± GLIIHUHQWLDWHG E\ YHKLFOH FODVVHV ³+RXUO\
WUDQVSRUWSHUIRUPDQFH´VLDQG³+RXUO\WUDQVSRUWZRUN´VAGHILQHGDV
esdesde lVBVL     
deesdesde vlVBVA     
dsDUHLQGLFHVRISURSRUWLRQVLQRUGHUWRGLIIHUHQWLDWHDOOFRPSXWDWLRQVE\WKHGDLO\DQGVHDVRQDOGHPDQGSURILOHle
LVWKHVHFWLRQOHQJWKDQGve,dWKHDWWDLQDEOHVSHHGRUPDWULFHV>%k@IRUDOO2'SDLUVij
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DVIXQFWLRQVRIWKHLQGLFDWRUV³6DYLQJRI7UDYHO7LPH´³,QGXFHGWUDIILF´MindDQG³5HVLGXDOWUDIILF´MresGHILQHG
E\LQWHUORFDOGHPDQGVKLIWVUHIHUHQFHrfYVVFHQDULRFDVHscDVZHOODVWKHLUPLQLPXP
 rfjiscjiindji MMM    
  PLQ indjiscjiresji MMM    
$SSOLFDWLRQFDVHVWXG\VHWWLQJ
7KH FHQWUDOO\ ORFDWHG 6WDWH RI 7KXULQJLD KDV PQ LQKDELWDQWV FRYHULQJ  NP :KHQ GUDZLQJ XS WKH
7KXULQJLDQVWDWH URDG LQIUDVWUXFWXUH UHTXLUHPHQWVSODQ /6WU%3O±FRPSULVLQJPHDVXUHVRIQHWZRUNPDLQWHQDQFH
XSJUDGLQJDQGH[WHQVLRQ±WKHUHTXLUHPHQWDQDO\VHVVKRUWOLVWHGQHZFRQVWUXFWLRQSURMHFWVRXWRISURSRVHG
PHDVXUHV±W\SLFDOO\E\SDVVURXWHVRIDQDYHUDJHOHQJWKRINP7KHLUJURVVLQYHVWPHQWYROXPHDPRXQWVWR¼PQ
H[FHHGLQJWKHWHQWDWLYHO\DOORFDWHGEXGJHW&RPSUHKHQVLYHSURMHFWVXPPDULHVFROODWLQJWKHSUHOLPLQDU\URDGGHVLJQ
RQVLWHLQVSHFWLRQVHQYLURQPHQWDODQDO\VHVUHVXOWVRIWUDQVSRUWPRGHOUXQVDGHWDLOHGFRVWHYDOXDWLRQDQGWKH%&$
LWVHOIZHUHHODERUDWHG7KH%&$EDVH\HDULVDQGWKHJOREDOGLVFRXQWUDWHXVHGLV7KHPHDQDQQXLW\
IDFWRURIDVDPSOHRIQLQHSURMHFWVLV7KHDVVXPHGWHFKQLFDOGXUDWLRQRIWKHFRQVWUXFWLRQSHULRGVLV«
PRQWKVZWXQQHOVDQGRUPDMRUEULGJHVPRQWKVZKHUHDVWKHWLPHRISODQQLQJLVHVWLPDWHGDWPRQWKV


)LJ%&$:RUNIORZDQGPDLQFDXVDOUHODWLRQVWRWKHWUDQVSRUWPRGHO6RXUFH2ZQUHSUHVHQWDWLRQ
$OOLPSDFWDQDO\VHVZHUHFRQGXFWHGZLWKWKH,QWHJUDWHG6WDWH7UDQVSRUW0RGHORI7KXULQJLD%HVLGHVWKHSURMHFW
SURSRVDOVDWLVVXHLWLPSOHPHQWVDERXWPRGHO]RQHVZLWKLQWKHPRVWO\UXUDOLQYHVWLJDWLRQDUHDFRUGRQFHOOV
DWWKH)HGHUDO6WDWHERUGHUVDQG]RQHVFRYHULQJFRQWLQHQWDO(XURSHPQ2±'SDLUVLQWRWDO
7KHVISUM13379$*URDGQHWZRUNPRGHOFRQVLVWVRIDERXWGLUHFWHGOLQNVHQFRGLQJDQHWZRUN
RIDERXWNPOHQJWKNPZLWKLQWKH)HGHUDO6WDWHRI7KXULQJLD
7KHEDVHOLQHTXDQWLW\ VWUXFWXUHRI2±' IORZV IRU WKH DVLV FRQGLWLRQ DQG WKH HQYLVDJHG VFHQDULRVRI WKH HQWLUH
QHWZRUNLVDQRXWFRPHRIDPXOWLVWHSGHPDQGPRGHORIWKHWULSHQGW\SH7KHFXUUHQWPDWUL[ZDVYHULILHGE\IORDWLQJ
FDUGDWDDQGWUDIILFFRXQWV7KHSURMHFWHGPDWUL[IRUWKH\HDUZDVYDOLGDWHGZLWKUHVXOWVRIORQJWHUPIRUHFDVWV
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FRQGXFWHGHDUOLHU$GLVWLQJXLVKLQJIHDWXUHRIWKHDQDO\VHGVDPSOHRISURMHFWVLVWKHLUOLPLWHGLPSDFWWRWKHGHPDQG
VLGHLQUDWKHUVSDUVHO\SRSXODWHGUXUDODUHDV1RWHWKDWWKHVHOHFWLRQRIH[HPSODU\FDVHVGLVFXVVHGLQWKHIROORZLQJLV
UDQGRP±DVDQRXWFRPHRIWKHVHTXHQFHRISURFHVVLQJRQO\
)LJXUHJLYHVDQRYHUYLHZRIWKH%&$ZRUNIORZDQGWKHFDXVDOUHODWLRQVEHWZHHQWKHWUDQVSRUWPRGHODQGWKH
%&5
6XPPDU\RIUHVXOWV
4.1. Leap in complexity 2015 vs. ´03 
&RPSDUHGWRWKH%&$VFKHPHDVRIWKHFRPSOH[LW\OHYHOKDVULVHQWUHPHQGRXVO\
%HVLGHVWKHLQWURGXFWLRQRIH[WHQVLYHQHWZRUNDQG2'HYDOXDWLRQWKHFRPSOH[LW\GULYHUVDUHWKHWLPHUHVROXWLRQ
ZRUNLQJGD\RXWRIGXULQJVFKRROKROLGD\6XQGD\V	SXEOLFKROLGD\VxILYHVHDVRQDOGHPDQGOHYHOV[KRXUO\GHPDQG
SURILOHIRUHYHU\URDGVHFWLRQYHKLFOHW\SHVDQGWKHDVVLJQPHQWWROHYHOVRIVHUYLFHIURPIUHHIORZWRVWRS	JR
2EYLRXVO\ WKH DFFXUDF\ UHTXLUHPHQWV OHDG WR FRQVLGHUDEOH GDWD DFTXLVLWLRQ KDQGOLQJ DQG PRGHOOLQJ HIIRUWV
FKDOOHQJLQJFRPSXWDWLRQWLPHVDQGSRWHQWLDOO\DPELJXRXVLQWHUSUHWDWLRQVRIUHVXOWV7KLVVXJJHVWVWRUHVKULQNWKH
PRGHOGLPHQVLRQVWRWKHUHOHYDQWLQYHVWLJDWLRQDUHD7KH%9:3RSHQLQJZRUNVKRSIRUH[DPSOHFRQFOXGHGWR
UHFRPPHQGDGHPLQLPLVUXOHIRULPSDFWDQDO\VHVVHH
4.2. Comparison of BCR 2015 vs. ´03 
$VDSUHWHVWWKH%&5VRIIRUPHUSURMHFWSURSRVDOVDVRILQ7KXULQJLDZHUHUHFRPSXWHGIRUGLIIHUHQWH[WHQVLRQ
OHYHOVRI WKHURDGLQIUDVWUXFWXUH7KHILQGLQJVVXJJHVW WKDWFRQVLVWHQF\EHWZHHQWKHDQGWKHYHUVLRQVLV
ZLGHO\JXDUDQWHHG)RUH[DPSOHWKH%&5RIWKHUHIHUHQFHSURMHFW%&$QHDUO\UHSURGXFHGWKHSUHYLRXV
UDWLRRI%&$
4.3. Proportions of benefit components 
)LJXUHH[KLELWVWKHFXPXODWLYHUHODWLYHSURSRUWLRQVRIWKHEHQHILWFRPSRQHQWVIRUQLQHVHOHFWHGSURMHFWV


)LJ&XPXODWLYHUHODWLYHSURSRUWLRQVRIEHQHILWFRPSRQHQWVVDPSOHRIQLQHSURMHFWV6RXUFH2ZQUHSUHVHQWDWLRQ
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$VVKRZQSURMHFWVLQIOXHQFHWKHFRPSRQHQWVLQERWKZD\V±DVLPSURYHPHQWRUGHWHULRUDWLRQ$FFRUGLQJWRWKLV
ILUVWVHWRIHPSLULFDOILQGLQJVWKHGLUHFWDQGLQGLUHFWEHQHILWIURPVDYLQJVRIWUDYHOWLPHFOHDUO\FRQWLQXHVWRGRPLQDWH
LQSUDFWLFHVXFKDVLQWKHROG%&$VFKHPHRI
7KHHFRORJLFDOEHQHILWVLQFRQWUDVWDUHPXFKOHVVSURQRXQFHG,WKDVWREHIXUWKHUDQDO\VHGWRZKDWH[WHQWURDG
SURMHFWVDUHFDSDEOHRILPSURYLQJHFRORJLFDOLQGLFDWRUVLQJHQHUDO0RUHRYHUWKHLQIOXHQFHRIWKHFRUUHVSRQGLQJXQLW
FRVWPXOWLSOLHUVGHILQLQJWKHWUDGHRIIVLQWKHEHQHILWIXQFWLRQWRWKHH[WHQWRIWKHDSSUHFLDWLRQRIVXFKSXEOLFJRRGV
WKURXJKWKHVRFLHW\¶VZLOOLQJQHVVWRSD\VKRXOGEHIXUWKHUFODULILHG
,QUXUDOVHWWLQJVVXFKDVWKHWHVWDUHDWKHQHWZRUNUHOLDELOLW\DSSHDUVWRUDWKHULUUHOHYDQWEHFDXVHRIJHQHUDOO\ORZ
WUDIILFYROXPHVWKXVFRQWULEXWLQJQRPHDVXUDEOHEHQHILWV
4.4. Influence of traffic assignment 
7KHURDGQHWZRUNDVVLJQPHQWRIDJLYHQ2±'PDWUL[ZDVUHFRJQL]HGHDUOLHUDVWKHPRVWFULWLFDORIWKHIRXUVWHSV
IRUIROORZXSHYDOXDWLRQVRIDFWXDOWUDYHOWLPHVPLOHDJHV&2HPLVVLRQVVHHHJ3DSDW]LNRX+RZHYHUWKH
ORDGSDWWHUQRIVPDOOUXUDOLQYHVWLJDWLRQVDUHDVDUHHPSLULFDOO\OHVVGHSHQGHQWRQWKHFKRLFHRIWKHQHWZRUNDVVLJQPHQW
DOJRULWKPVLQFHFRQJHVWLRQHIIHFWVDUHFRQILQHGWRWKRVHQHWZRUNVHFWLRQVZLWKDWUDIILFYROXPHFORVHRUEH\RQGWKH
GHVLJQFDSDFLW\
'XULQJWKHWHVWLQJVWDJHWKHPRGHOOLQJRSWLRQVRIDQLQFUHPHQWDODVVLJQPHQW,$ZLWKZLWKRXWXVHUHTXLOLEULXP
8(VXEVHTXHQWWRWKHLQFUHPHQWDODVVLJQPHQWSURFHGXUHZHUHH[SORUHG)LJXUH1RWHWKDWLQFUHPHQWDODVVLJQPHQW
LVVWLOOVWDWHRIWKHDUWIRUPDQ\SUDFWLFDODSSOLFDWLRQV,QDFFRUGDQFHZLWKWKHSUHYLRXVO\VWDWHGK\SRWKHVLVDQGFRQWUDU\
WRWKHH[SHULHQFHVWKHOLQNORDGVQHDUWKHFDSDFLW\OLPLWGLIIHUFRQVLGHUDEO\IRU,$DQG8(SURFHGXUHV0RUHRYHUDV
GHPRQVWUDWHGLQ7DEOHDWKHUHLVPXFKLQIOXHQFHRQWKH³1%E´RSHUDWLQJFRVWEHQHILWGLIIHUHQWLDOV
$QLQGHSWKDQDO\VLVRILQGLYLGXDOOLQNORDGVUHYHDOHGWKDWGHVSLWHRIFRQYHUJHQFHWKHUHLVDSDUWLDORYHUORDGRI
FHUWDLQORFDOURDGVOHDGLQJWRWUDIILFFRQGLWLRQVLPSO\LQJPXFKKLJKHUIXHOFRQVXPSWLRQWKXVDGYHUVHHIIHFWVRQWKH
DERYH PHQWLRQHG EHQHILW FRPSRQHQW 7KH 8( SURFHGXUH LQ FRQWUDVW DVVXUHV UHDOLVWLF URXWHV DQG PRUH HYHQO\
GLVWULEXWHGMRXUQH\WLPHV7KHVPDOOHUWKHLUYDULDQFHRQWKHRWKHUKDQGWKHPRUHLQFUHDVHRIWKHUHOLDELOLW\EHQHILW
FRPSRQHQW$OWKRXJKVRPHLWHUDWLRQVWHSVRIWKH8(SURFHGXUHDUHTXDGUXSOLQJFRPSXWDWLRQWLPHVWKHORDGSDWWHUQ
DQGUHVXOWLQJ%&$LQGLFDWRUVKDYHDKLJKHUSODXVLELOLW\


)LJ&RPSDULVRQRIIUHTXHQF\GLVWULEXWLRQVRIWUDIILFODQHVDWXUDWLRQOHYHOVD[LVUHVROXWLRQIRUWZRQHWZRUNDVVLJQPHQWSURFHGXUHV
6RXUFH2ZQUHSUHVHQWDWLRQ
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7DEOH6HQVLWLYLW\DQDO\VLVRIEHQHILWFRVWUDWLRVZLWKUHVSHFWWRDDVVLJQPHQWPHWKRGDQGGHPLQLPLVWKUHVKROGEGHVLJQVSHHGDQGFDSDFLW\
RIXSJUDGHGVHFWLRQV6RXUFH2ZQUHSUHVHQWDWLRQ

4.5. Assertion of de minimis rule 
6RIDUQRJXLGHOLQHVWLSXODWHVSUHFLVHO\WKHVSDWLDOH[WHQWRID%&$¶VXQGHUO\LQJWUDQVSRUWPRGHO%HFDXVHRIWKH
SUHYLRXVO\VWDWHGFRPSOH[LW\LVVXHVLWLVUHDVRQDEOHWRFRQILQHWKHVHWRIQHWZRUNOLQNVFRQVLGHUHGWRWKRVHVLJQLILFDQWO\
DIIHFWHGE\WKHURDGFRQVWUXFWLRQSURMHFW7KHLQWURGXFWLRQRIDQDSSURSULDWHGHPLQLPLVOLPLWLVVWUDLJKWIRUZDUG
7KHUHVXOWVRIDVHQVLWLYLW\DQDO\VLVZLWKUHVSHFWWRWKHWKUHVKROGDQGDVVLJQPHQWPHWKRG±GLVSOD\HGLQ7DEOHD±
VXJJHVWWKDWWKHLPSRVLWLRQRIDORZHUERXQGRIWKHHIIHFWLYHUDQJHRIFKDQJHVKDVDKLJKHIIHFWWRWKH%&5IRUVXFK
VPDOOVFDOHSURMHFWV
4.6. Consideration of upgraded sections 
(DFK URDG FRQVWUXFWLRQ SURMHFWPD\ W\SLFDOO\ GHFRPSRVHG LQWR D QHZ URDG OLQN DQG DQ XSJUDGHG VHFWLRQ RI D
FRQWHPSRUDU\URDG7DEOHELOOXVWUDWHVWKHFRQVLGHUDEOHVHQVLWLYLW\RIWKH%&5WRWKHDVVXPSWLRQVRQGHVLJQFDSDFLW\
GHVLJQVSHHG±LQFRPELQDWLRQZLWKWKHDVVLJQPHQWPHWKRGDQGDGHPLQLPLVWKUHVKROGDVGLVFXVVHGEHIRUH
4.7. Road alignment versions 
$IXUWKHUILQGLQJRIUHOHYDQFHLQFRQQHFWLRQZLWKVHQVLWLYLW\WHVWVLQDUXUDOVHWWLQJLVWKHGHSHQGHQF\RIWKH%&5
IURPWKHDFWXDOJHRPHWU\RIWKHQHZFRQVWUXFWHGURDGVHFWLRQ,WFDQEHVWDWHGWKDWGHWDLOVRIWKHSURSRVHGOD\RXWHYHQ
DPRGHUDWHOHQJWKHQLQJRIDIHZKXQGUHGPHWUHVKDYHQHWZHOIDUHHIIHFWVGLVSURSRUWLRQDWHWRWKHH[WUDFRVWRIWKH
UHVSHFWLYH URDG VHFWLRQ 3DUDGR[LFDOO\ WKHPRUH SURQRXQFHG WKH FXUYHG IRUP RI D E\SDVV WKH ORZHU WKH %&5 ±
DOWKRXJKWKHLQWHQWLRQDOO\SURSRVHGURDGZD\OD\RXWDZD\IURPEXLOWXSDUHDVVRXJKWWRPLQLPL]HH[WHUQDOHIIHFWV
4.8. Road safety benefit component 
7KHVWXG\RI LQWHUGHSHQGHQFLHVEHWZHHQ WKHPRGHOOHGQHWZRUN ORDGSDWWHUQDQG WKHEHQHILWFRPSRQHQWRI URDG
VDIHW\³16´SURGXFHGIXUWKHUHYLGHQFHRQWKHVHQVLWLYLW\RIWKH%9:3DVVHVVPHQWPHWKRG,QGHSWKDQDO\VHVIRUD
VXEVHWRISURMHFWVVXJJHVWWKDWWKHUHVXOWLQJSHUFHQWDJHDOORFDWLRQRIWUDIILFYROXPHVEHWZHHQURDGW\SHVRIGLIIHUHQW
VDIHW\VWDQGDUGVLQSDUWLFXODULVFUXFLDOIRUWKHILQDO%&5YDOXH7KHconditio sine qua nonIRUWKHHFRQRPLFYLDELOLW\
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RIDQHZFRQVWUXFWLRQSURMHFWVHHPVWKHUHIRUHWKHDVVXUDQFHWKDWWKHGLVSODFHPHQWRIVXEVWDQWLDOWUDIILFWRLQIHULRUURDGV
FDQEHDYRLGHGWKURXJKRXWWKHFRQVLGHUHGQHWZRUN
&RQFOXVLRQV
7KHLQYHVWLJDWLRQZDVVHWRXWWRJDLQH[SHULHQFHZLWKWKHQHZ*HUPDQ%&$FXUUHQWO\VWLOOLQDWHVWLQJVWDJH
XQWLO WKH FRPSOHWLRQRI WKHQDWLRQZLGHSURFHVVRI WUDQVSRUW LQIUDVWUXFWXUHSODQQLQJ LQ ,W FRQWULEXWHV VHYHUDO
SUHOLPLQDU\HPSLULFDOILQGLQJVIRUDVSHFLILFVHWRISURMHFWVQDPHO\RIVPDOODPSOLWXGHVLQWHUPVRIEHQHILWVDQGFRVWV
7KHVFDWWHUHG%&5UHVXOWVKDYHLGHQWLILHGVHYHUDOIDFWRUVDIIHFWLQJWKHSURMHFWV¶WKUHVKROGVRIYLDELOLW\WKHLUUDQN
LQDVHWRISURSRVHGPHDVXUHVDQGWKHPHWULFV&ULWLFDOTXHVWLRQVRIVWDELOLW\FDQEHUDLVHGZKHQWKLVPHWKRGLVDSSOLHG
LQUXUDODUHDVLQGLIIHUHQWHQJLQHHULQJILUPV¶VSKHUHRIUHVSRQVLELOLW\(YHQWKHSURFHVVRIGHULYLQJURDGFRQVWUXFWLRQ
SURMHFWVIURPUHTXLUHPHQWDQDO\VHVDQGWKHVXEVHTXHQWVKRUWOLVWLQJLQIOXHQFHWKHUHVXOWVRIWKHEHQHILWFRVWDQDO\VLV
DQGLQYHVWPHQWVWDJLQJ7KHIROORZLQJUHFRPPHQGDWLRQVFDQEHJLYHQDWWKLVSRLQW
x )XUWKHUJXLGHOLQHVVWDQGDUGL]LQJJHRJUDSKLFERXQGDULHVDOJRULWKPVDQGSDUDPHWHUVRIWKHGHSOR\HGWUDQVSRUW
PRGHOVDQGILOWHULQJVWDJHVDVZHOODVDGHTXDWHIHHGEDFNORRSVDUHVXJJHVWHG7KHVWULFWFRQVLVWHQF\RIEDVLF
DVVXPSWLRQVDQGURDGOLQNFKDUDFWHULVWLFVPXVWEHDVVXUHG
x $FRQFHSWIRUWKHV\VWHPDWL]HGGHFRPSRVLWLRQRIWKHWUDQVSRUWGHPDQGUHDFWLRQVZRXOGEHKHOSIXOWREHWWHUFRSH
ZLWKWKHFRQVLGHUDEOHFRPSOH[LW\
x %DVHG RQ SUDFWLFDO DSSOLFDWLRQ UHVXOWV VHOHFWHG EHQHILW FRPSRQHQWV QHFHVVLWDWH IXUWKHU GLIIHUHQWLDWHG
XQGRJPDWLFH[SHUWHYDOXDWLRQ
x (TXLOLEULXPDVVLJQPHQWPHWKRGVVKRXOGEHFKRVHQLQRUGHUWRDYRLGXQUHDOLVWLFURXWLQJVDQGOLQNORDGV
x $IXUWKHUGLIIHUHQWLDWLRQRIXQLWFRVWVE\URDGOLQNW\SHVLVDGYLVDEOHZLWKUHJDUGWRWKHBkÄ,QFUHDVHLQ7UDQVSRUW
6DIHW\³16Ä5HGXFHG(PLVVLRQVDQG,PLVVLRQV³1$
x 6SHFLILF FRQVWDQWVLQWHUFHSWV IRU VPDOOVFDOH SURMHFWV DW WKH )HGHUDO VWDWH OHYHO HVSHFLDOO\ IRU VKRUW XUEDQ
E\SDVVHV PLJKW EH UHFRQVLGHUHG 7KH SRVLWLYH HIIHFW RQ WKH TXDOLW\ RI OLIH LQ VHWWOHPHQWV UHOLHYHG IURP
SROOXWDQWVQRLVHFRXOGEHLQWHJUDWHG
x 7KH UDQNLQJ RUGHU XQGHU HTXDO SUHUHTXLVLWHV DPRQJ D VHW RI SURSRVHG LPSURYHPHQW PHDVXUHV VKRXOG EH
GHFLVLYHDWILUVWLQVWDQFHUDWKHUWKDQWKHDEVROXWH%&5YDOXH
x 7KH VHQVLWLYLW\ RI UHVXOWV ZLWK UHJDUG WR WKH LQWHUGHSHQGHQFH RI FRQVWUXFWLRQ SURMHFWV VKRXOG EH IXUWKHU
LQYHVWLJDWHGGXULQJSUHOLPLQDU\SODQQLQJVWDJHVDQGVKRUWOLVWLQJPHFKDQLVPVFI6]LPED
7KHWHFKQLFDODSSURDFKDQGWKHILQGLQJVZLWKUHJDUGWRWKHDSSOLFDELOLW\DQGUREXVWQHVVPD\EHYDOXDEOHIRUDFURVV
FRXQWU\FRPSDULVRQRIDSSUDLVDOSUDFWLFHVRQWKHZD\WRZDUGVDKDUPRQLVHG(XURSHDQIUDPHZRUNRILQIUDVWUXFWXUH
SODQQLQJ
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